The study examines the causes and effects of driver's fatigue on road crashes in south-western Nigeria. The study was carried out in the administrative seats of Oyo and Ogun states of Nigeria with the aid of structured questionnaires which were administered on 325 respondents in the study area using simple random sampling approach. The collected data were analysed using multiple regression model.
Introduction
The role of fatigue must not be underestimated when studying the causes of crashes. Driver fatigue crashes are not only a matter of having spent too long behind the wheel; fatigue can also be caused by too little sleep, stress, or time of the day. According to a conservative estimate based on studies abroad, driver fatigue is involved in 10-15% of all severe crashes (Nordbakke et al, 2007) . Although technical aids that prevent fatigue crashes are being developed, they are not yet ready for use. In the road haulage industry, the only means that are presently available to combat fatigue crashes are consistently applying (and enforcing) the driving and resting hours and a safety culture. Information campaigns should make non-professional car drivers aware of the risks of fatigue.
The impact of driver fatigue on driving safety is a complex one. Within commercial road transport, the core issue is one of working time and the opportunity this offers for rest and recuperation from work, together with the possibility of presenting for work unimpaired by fatigue and loss of sleep. However, powerful economic and social forces influence and control the normative pattern of work of commercial drivers. Working time is, after all, one of the basic economic inputs to production and transport. Consequently, the safety argument too often has been brushed aside in the face of a commercial logic that requires flexible and on time transportation of goods and passengers, in many cases spanning the 24-hour cycle (Vanlaar et al, 2007) . The customer, the consumer and new modes of production require this -and in some respects, the working conditions of many drivers have become harsher and more demanding over the last 30 years. For these reasons, it is of particular importance to restate the safety case for controlling more effectively the factors that give rise to fatigue.
Concept of fatigue
There is no clear definition of fatigue. The term is attributed with various meanings: physical (e.g. as a result of heavy and protracted physical labour) and neurobiological (biologically determined sleep-awake rhythms) (Nordbakke et al, 2007) . In addition, it also has a mental/psychological meaning: not having the energy to do something, and a subjectively experienced reluctance to continue with a task. Fatigue, or tiredness, concerns the inability or disinclination to continue an activity, generally because the activity has been going on for "too long". There are different kinds, such as local physical fatigue (e.g. in a skeletal or ocular muscle), general physical fatigue (following heavy manual labour) or "central nervous" fatigue (sleepiness). The last of these is mental fatigue -not "having the energy" to do anything. Sleepiness is a particularly important form of fatigue related to the level of brain stimulation and the structures that regulate it (Åkerstedt and Kecklund, 2000) .
In behavioural terms, there are four levels of sleep:
(a) Completely awake (b) Moderate sleepiness when the central nervous system maintains an adequate pattern but functions more slowly than normal (Angus and Heslegrave, 1985) ; (c) Severe sleepiness, where the individual is repeatedly overcome by fatigue and Interruptions occur interactively with the surroundings and performance becomes irregular and fitful. This characterises such disorders as narcolepsy (Valley and Broughton, 1983) , as well as totally healthy, but exhausted, individuals (Torsvall and Åkerstedt, 1987) ; and (d) Sleep, where there is no longer any interaction with the surrounding environment.
The level of fatigue or sleepiness is a function of the amount of activity (for example, number of hours awake) in relation to the brain's physiological waking capacity. Several factors can influence this physiological waking capacity and hence lower the fatigue threshold. For example, disturbed sleep, the low point in the circadian rhythm (time of day), and alcohol and drugs. These factors are independent of the activity being undertaken, but result in the fatigue effect of that activity appearing more quickly. Thus fatigue cannot be seen simply as a function of the duration of time engaged in work (or any other activity). Furthermore, where there is a lack of sufficient restorative sleep, the fatigue threshold may be affected over a period of days or weeks.
Human beings need to sleep. Sleep is not a matter of choice; it is essential and inevitable. The longer someone remains awake, the greater the need to sleep and the more difficult it is to resist falling asleep. Sleep will eventually overpower the strongest intentions and efforts to stay awake. The need for sleep varies between individuals, but sleeping for 8 out of 24 hours is common, and 7 to 9 hours sleep is required to optimise performance. Sleep patterns are governed by the circadian rhythm (the body clock) that completes a full cycle approximately once every 24 hours.
Humans are usually awake during daylight and asleep during darkness. There are two peaks of sleepiness: the early hours of the morning and the middle of the afternoon. The loss or disruption of sleep results in sleepiness during periods when the person would usually be fully awake. The loss of even one night's sleep can lead to extreme short term sleepiness, and continual disrupted sleep can lead to chronic sleepiness. The only effective way to reduce sleepiness is to sleep. Sleeping less than four hours per night impairs performance. The effects of sleep loss are cumulative and regularly losing one or two hours of sleep a night can lead to chronic sleepiness over time.
The most comprehensive research undertaken into the effects of driver fatigue has been carried out in the USA. A series of studies by the National Transportation Safety Board (NTSB) have pointed to the significance of sleepiness as a factor in accidents involving heavy vehicles (NTSB, 1990 and Wang and Knipling, 1994) . The NTSB came to the conclusion that 52 per cent of 107 one -vehicle accidents involving heavy trucks were fatigue related; in nearly 18 per cent of the cases, the driver admitted to falling asleep. In a report published by NTSB (NTSB, 1999) , summarising the US Department of Transport's investigations into fatigue in the 1990s, the extent of fatigue -related fatal accidents is estimated to be around 30 %. Fatigue is considered the most important road safety factor for large trucks (FHWA, 1995) .
In Europe, the evidence is less comprehensive, and often involves retrospective accounts of fatigue involvement which are likely to underestimate its impact. A Dutch survey found that 7% of HGV drivers attributed their accident involvement to having fallen asleep at the wheel (Van Ouwerkerk, 1987) . A more recent French study showed that 10.5% of HGV drivers stated that fatigue had contributed to their road crash involvement (Monfrin et al, 1996) . Langwieder and Sporner (1994) found that for commercial vehicles, the rate varied according to the weight of the vehicle identified as being mainly responsible for the accident: 26% for HGVs of more than 7.5 tonnes GVW and 35.7% for light vehicles under 7.5 tonnes GVW, both figures being more in line with the US results.
Posing the question in another way -what proportion of drivers report having fallen asleep at the wheel? As the results of different surveys carried out at different times show, over 50% of long -haul drivers have at some time fallen asleep at the wheel (Hamelin, 2000) . While, internationally, there has been a lot of research on fatigue and safety, in Europe and Africa there have not been concerted effort to provide a strong and coherent research basis for the development of policy. Thus while quite a lot is known about the physiology of sleep and waking (particularly over cycles of no more than 24 hours) and a certain amount about the risks associated with the various parameters of working time, knowledge of the actual working hours (and how they are distributed) is limited to certain countries (Van Ouwerkerk, 1987) 
Causes of fatigue
Fatigue has many causes. It used to be directly and almost exclusively associated with the amount of time that one has been carrying out a particular task (time-on-task). It is still seen as one of the most important causes. However, research has shown other factors that are equally important (Vanlaar, et al 2007) . In the first place, fatigue is a lack of sleep. This can be chronic or acute.
A chronic lack of sleep is the result of not having enough sleep during a long period. The average person needs 8 hours of sleep in every 24-hour cycle. The quality of the sleep is also of great importance, besides the quantity. If sleep is regularly interrupted, this leads a chronic lack of sleep, just as too little sleep does. The quality of sleep is influenced by, among other things, sleep disorders like sleep apnoea (temporary breathing stoppage while sleeping) or narcolepsy (the tendency to suddenly fall asleep). But it can also be a side effect of chronic diseases and/or medication or the result of external factors such as a noisy or unpleasant sleeping environment (Valley and Broughton, 1983 ).
An acute lack of sleep is also the result of too little sleep, but is less structural than chronic lack of sleep. An acute lack of sleep can occur after just one bad or short night. If there has been too little sleep during a 24-hour period, we refer to it as a partial, acute lack of sleep. There is a complete, acute lack of sleep if there has been no sleep at all in a period of 24 hours.
Fatigue or sleepiness can also occur without lack of sleep. This type of fatigue is usually linked to the daily sleep cycle or the biorhythm. This means that at certain times in the 24-hour cycle the human body has a greater need for sleep than at other times. This happens most and lasts longest early in the morning (approximately between midnight and 4 a.m.) and, to a lesser extent, about 12 hours later (approximately between 2 p.m. and 4 p.m.). At these moments, there is a natural tendency to sleep and, if this cannot be given in to, a sleepy feeling occurs.
The duration and quality of sleep have a direct effect on the level of alertness and the ability to drive a vehicle safely. Setting off in the vehicle in the early hours of the morning means, for instance, that a person is combining driving at the low point in the circadian rhythm with a greatly shortened period of sleep. Fragmented sleep, characteristic of a sleep disorder called sleep apnoea, can in serious cases have no recuperative value whatsoever with an accompanying high risk of falling asleep at the wheel. Any cumulative sleep debt, which has built up over several days, will also adversely affect performance. Such a sleep debt needs to be dissipated over successive nights of good sleep that include the time window of the circadian low point. Some evidence suggests that following severe sleep restriction, recovery of performance may not be complete even after three nights of recovery sleep (Balkin et al, 2000) .
The NTSB's in-depth study of single-vehicle accidents involving large trucks (NTSB, 1995) , concluded that the most important factors behind the 58 per cent of fatigue -related accidents were the duration of the driver's last period of sleep, the total number of hours of sleep during the past 24-hour period, and fragmented sleeping patterns (several short periods of sleep). The period of sleep starts to be negatively affected if this daily rest falls below 12 to 14 hours (Kurumatani et al, 1994; Kecklund and Åkerstedt, 1995; Wylie et al, 1996; Mitler et al, 1997; Hantula, 2000) .
The following factors have indirect influence: age, physical condition, the use of alcohol, drugs and/or medicine, external factors such as temperature, noise, vibrations, and also the routine of a task. For example, driving alone on a boring road for a long time may not itself cause fatigue or sleepiness, but it can cause the consequences to manifest sooner.
General effect of fatigue
Fatigue leads to a reduction in alertness, longer reaction times, memory problems, poorer psychometric coordination, and less efficient information processing. Fatigue also has an effect on the frame of mind. The motivation to carry out a task diminishes, the communication and interaction with the surroundings deteriorates, and one gets irritated quicker and reacts more aggressively towards people and things. In other words, fatigue leads to diminished action capability and action preparedness (Langois et al, 1985; Lavie et al, 1987; Horne and Reyner, 1995; Pack et al, 1995; Hantula, 2000) .
All the above-mentioned functions are important for carrying out the driving task accurately and safely. It can, therefore, be expected that fatigue also leads to a worsening of carrying out the driving task. Various studies have indeed shown this to be the case. Such research generally involves a driving simulator in which subjects either drive a long distance or are not allowed to sleep for a long time. The results of this type of study are reasonably uniform. In the first place it was found that tired people have more problems in keeping their lane, more often cross or nearly cross the side marking, and make greater steering adjustments and do so more abruptly. The drivers also react less accurately to deceleration by the driver in front (Wang, 1995) .
In spite of this, the car driver appears to be capable of adjusting to the circumstances. For example, it has been found that the task performance deteriorates less when the task gets more difficult or more dangerous, for example in road bends, when an oncoming vehicle approaches, or when a vehicle in front suddenly brakes. In addition, there are also indications that a driver compensates fatigue. Initially, this is done by increasing the task demands by, for example, driving faster. Next, as fatigue increases, the task demands are decreased by driving slower and keeping a longer distance to the vehicle ahead. It must however be observed that people in a hurry use compensation in the form of lower task demands much less frequently.
Fatigue and road crashes
Fatigue is not normally referred to on road accident report forms. This means that, in general, no reliable official statistics exist for the frequency of fatigue-related road accidents. The data that do exist mostly originate from studies that estimate the extent of fatigue from other variables (for example, characteristics of accidents), or from specially constructed studies collecting new material on the incidence of tiredness in relation to accidents. Thus, while the typical representation of fatigue in official road accident statistics may be around 3% or less (slightly more for fatal accidents), the actual contribution of fatigue is hidden by systematic under-reporting. This is demonstrated in a wide range of reliable studies, a few of which are mentioned below.
In a UK survey, "tiredness" was reported by the drivers questioned as being a factor in 7.3 % of the accidents they had been involved in during the three years preceding the study (Maycock, 1995) . This figure is similar to a German study (7%) although this work focused on lorry and bus drivers (Garo et al, 1997) . A Bavarian study found that 24% of the fatal accidents (irrespective of road users categories) that had occurred on motorways in 1991 (204 in total) were the result of sleepiness at the wheel (Langwieder and Sporner, 1994) .
A later UK study found that sleep-related accidents accounted for 16% of all vehicle accidents occurring in Devon and Cornwall counties between 1987 and 1992 and 23% of all accidents to which the Midlands counties police forces were called (Horne and Reyner 1995) . In Australia, VicRoads, an Australian road safety organisation, estimates that 25% -35% (And possibly up to 50%) of road crashes are sleep related. Fell (1994) , estimated that driver sleepiness accounts for 6% of road accidents, 15% of fatal accidents and 30% of fatal crashes on rural roads. Also in Germany, a study of motorway accidents in Bavaria estimated that 35% of fatal motorway crashes were due to reduce vigilance (driver inattention and fatigue) (Hell et al, 1997) . In New Zealand between 1996 and 1998, 114 fatal road crashes (8% of all fatal crashes) and injury road crashes (5% of injury accidents) were thought to be fatigue related (Land Transport Safety Authority, 1998) . A study of 370 heavy motor vehicle crashes in 1997, found that driver fatigue was listed as a contributing factor in 7% of accidents (Gander, et al 1998) .
A questionnaire survey of 9,200 accident-involved drivers in Norway found that 3.9% of the accidents were sleep related, but almost 20% of night-time accidents involved driver drowsiness (Sagberg, 1999 ). An assessment of road accidents between 1984 and 1989 in Israel found that up to 1% were recorded as sleep related, but the real figure was likely to be much higher as many accidents recorded as other types of driver error were likely to have been related to driver fatigue. In Ghana, the questionnaire survey of 250 drivers in some selected motor park in Accra revealed that 10-20% of all single accidents are caused by fatigue (NRSC, 2008) .
Methodology
The research was carried out in the administrative seats of selected states of Southwestern Nigeria (Ibadan and Abeokuta), with the aid of structured questionnaire and interview techniques.
The states are known to have existed over the centuries as economic and administrative centres of the former kingdoms in this part of the country. The activities of the colonial administration in the mid 20 th century reinforce their growth and development (Aworemi, 2008) . The states are well connected to the major cities by express roads and their locations in the country make them accessible to the more economically developed regions in the country.
The data on which the study is based were collected from a total of 325 out of 400 respondents' drivers in the study area, representing 81.25% respondent rate using simple random sampling technique. The collected data were analysed using multiple regression model. The model was chosen because it allows for dummy variables to be included. A number of fatigue related variables could not be measured or calibrated at interval, ratio or continuous scales, but in binary or dichotomous forms, therefore the inclusion of dummy will make sure that the estimates do not lose any of their properties.
The identified variables include; duration of driving, sleep deficit, experience, alcohol, stress, family responsibilities, time of the day. 
Results and Discussion
In attempt to analyse the efficacy of fatigue in road traffic accident, three functional forms were employed in the regression analysis. The result for each functional form is as shown in Table 1 . The functional forms that were considered before choosing the lead equation were linear, semi-log and double log functions. The importance of Multiple Regression in this study is to determine how the exploratory variables (X 1 -X 7 ) affect the dependent variable (Y). From the three functional forms used for the data, the linear function was chosen as the lead equation. This was based on the appropriateness of the signs on the regression coefficient as specified by a priori expectation, the value of the coefficient of multiple determination R 2 , the number of statistically significant variables that is 't' and F-values and tests. 
The coefficient of Multiple Determination R 2 of 0.78 implies that 78% of the total variation in the causes of fatigue among the drivers was explained by the independent variable. The remaining 22% not explained could be attributed to the stochastic variation.
The t-value of the coefficients X 1, X 2, X 3, and X 7 were all statistically significant at both 5% and 10% levels. This implies that duration of driving (X 1 ), Sleep deficit (X 2 ), Stress (X 3 ), and Alcohol (X 7 ) contributed significantly to the variation in the causes of drivers' fatigue.
The positive regression coefficient of X 1, X 2, X 3, X 4, and X 7 indicate that increasing in duration of driving, sleep deficit, time of the day, stress, and alcohol in-take, will have an increasing effect on fatigue which eventually can lead to accident. While the negative regression of X 5, and X 6, indicate that any increase in family responsibilities and experience will lead to decrease in level of fatigue.
The duration of driving (X 1 ) had a coefficient of 1.11, which implies that any one-unit increase in the driving duration would increase the fatigue level of driver by 1.11. This shows that long driving duration on monotonous roads, such as motorways, are more likely to result in a driver falling asleep at the wheel .Journeys that are for work purposes, especially ones involving truck drivers or company car drivers, are also a high risk type of journey because they involve long period of driving. This corroborates the earlier studies by Horne et a (1995) which confirmed that all of the sleep related accidents occurred within seven hours of the start of the journey.
The age and experience of driver (X 5 ) has a coefficient of -0.648, which means that the older or more experience a driver is, the less fatigue he would experience. The belief is that driver with more than 10 years driving experience or over forty years of age have a consistently lower accident risk than their younger or less experienced counterparts. This result is in contrary to the findings of Harris et al (1972) and Hamelin (2000) that older drivers appear to be more susceptible to fatigue than their younger counterpart.
Furthermore, Stress (X 3 ) is an important contributory factor to fatigue in driving and it is expected to contribute positively and significantly to the drivers' fatigue. It has coefficient of 1.499, which translates to the fact that for every one unit measure of increase in Stress, there is an increase of 1.499 in the level of fatigue experience by the driver. Also it is significant at 5% which shows that Stress contributed positively and significantly to the level of fatigue in driving.
Family responsibilities (X 6 ) have a coefficient of -0.640. Thus the level of fatigue decreases by 0.640 with one unit increase in family responsibilities. The implication of this is that the more responsible a driver is, the less fatigue he would be experiencing. Because he would be taking his time in making driving decisions so as not to fall victim of accident due to the responsibilities and part he is playing in the family. This corroborates the earlier finding of Aworemi (2007) that family responsibilities and social status had significant effects on accident reduction in south-western Nigeria.
Lack of sleep or sleep deficit (X 2 ) on the part of drivers is an important variables and it is expected to contribute positively and significantly to the level of fatigue in driving. This variable has coefficient of 1.545, which means that one-unit increase in sleep deficit or lack of sleep by driver would result into 1.545 increases in the level of fatigue. This is in line with the study of United State National Transport Safety Board (NTSB, 1999) which ascertained that 17% (about 1 million) of road accidents are caused by drivers' fatigue.
Meanwhile, time of the day (X 4 ) had coefficient of 0.732 which shows that increase in time of the day by one unit would increase the level of fatigue by 0.732. However, this value is insignificant at both 10% and 5% confidence level.
Finally, alcohol intake (X 7 ) had a coefficient of 2.21 which indicate that for every single alcohol taken by the driver, there is possibility of fatigue level been increased by 2.21, which is very significant and positively related. This is in consonance with earlier study in New York (Hamelin, 2000) . Some 593 truck drivers were interviewed at rest areas on New York's interstate highways. Nearly two-thirds reported episodes of drowsy driving after taking alcohol, and almost 5% said that they drove when drowsy on most, if not all, days after taking alcohol. Nearly half had fallen asleep at the wheel at some point in their driving career, and about one-quarter reported doing so at least once during the previous year.
Conclusion and Recommendation
Driver fatigue is a serious problem resulting in many thousands of road accidents each year. It is not currently possible to calculate the exact number of sleep related accidents because of the difficulty in detecting whether fatigue was a factor and in assessing the level of fatigue. However, research suggests that up to 20% of accidents on monotonous roads in Great Britain are fatigue related (Johnson, 1998) . Research in other countries also indicates that driver fatigue is a serious problem.
The safest option is for drivers to avoid driving when sleepy, when they would normally be sleeping or when they are ill or taking medication which contradicts driving or using machinery. It is crucial that drivers plan journeys, especially long ones involving driving on motorways or other monotonous roads. Drivers should: 1) Try to ensure they are well rested, and feeling fit and healthy (and not taking alcohol), before starting long journeys.
2) Plan the journey to include regular rest breaks (a break of at least 15 minutes at least every two hours). If necessary, plan an overnight stop.
3) Avoid setting out on a long drive after having worked a full day. 4) Avoid driving into the period when they would normally be falling asleep.
5) Avoid driving in the small hours (between 2am and 6am). 
